This paper examines whether the results of the earnings equation developed in the overeducation/required education/under-education (ORU) literature are sensitive to whether the usual or reference levels of education are measured using the Realized Matches or Worker Self-Assessment methods. The analyses are conducted for all male native-born and immigrant workers in the US, by level of skill, and by occupation. While point estimates differ, particularly when earnings equations are estimated for the smaller samples of sub-groups of the workforce, the general findings are robust to this measurement issue. Thus, the answers provided to the typical research questions in the ORU literature on the productivity of schooling are independent of the measure of the usual or reference level of education used in the analyses.
INTRODUCTION
A cursory examination of recent issues of journals reveals that research on the determinants of earnings is making increasing use of the over-education/under-education concepts. These first came to prominence in the early 1980s (see, for example, Duncan and Hoffman, 1981) , and their analytical value was illustrated clearly in the papers on overschooling in the 2000 April Special Issue of the Economics of Education Review.
Since then there has been a steady stream of papers on the topic in this and other journals.
This literature proposes that there is a "usual" education level for each occupation. 1 Some workers will have this level of education, and are therefore regarded as being correctly matched to the typical educational requirements of their job. 2 Other workers will have a higher level of education than that which is usual in their job. These workers with surplus years of schooling are viewed as being over-educated. Still other workers will have a lower level of education than that which is usual in their job, and hence are referred to as under-educated.
Central to the empirical application of the over-education/under-education concepts is a measure of the usual or reference level of schooling for an occupation.
Three methods have been used to determine this level of schooling: a Realized Matches 1 The respondent's occupation is typically taken as exogenous in this literature. The ORU literature variously uses the terms "usual", "reference" and "required" years of schooling to represent the central tendency of the schooling level in the respondent's occupation. As the literature has not settled on the specific terminology these terms are used interchangeably in this paper as well.
(RM) method, a Worker Self-Assessment (WSA) method, and a Job Analysis (JA) method. Each of these has strengths and weaknesses, and their relative merits are discussed in Hartog (2000) and Chiswick and Miller (2008) . Importantly, Hartog (2000, p.135) , having reviewed the empirical evidence on the effects on earnings from a wide range of ORU studies, offers three summary conclusions.
The three conclusions are: (i) the returns to required schooling exceed the returns to actual education; (ii) returns to surplus schooling are positive, but smaller than the returns to required schooling; and (iii) returns to under-education are negative, but of a smaller absolute magnitude than the returns to required education. He wrote:
These conclusions are not sensitive to the measure of required education. We have results for all three measures of required education: job analysis, worker assessment and realized matches….The three conclusions given above hold independent of the type of measurement. Hartog's (2000) analysis was based on secondary examination of findings. Only two of the many studies documented had direct comparison of the performance of the measures of usual or required education. Santos (1995) used both RM and JA methods in a study for Portugal (See also Kiker, Santos and de Oliveira (1997) .). Rumberger (1987) used the WSA and JA methods in a study for the US. The most recent data employed in Santos (1995) were for 1991, whereas the most recent data in the study by Rumberger (1987) were for 1973. Comparisons were offered for males and females separately.
This paper provides a more recent assessment of this issue, using data from the 2000 US Census and the O*NET data base. 3 Analyses are conducted for all adult male native-born and immigrant workers in the US. The inquiry is "research question driven". Thus, the analyses provide answers to three questions: (i) Are there effects on earnings from being under-educated, over-educated or correctly-matched to the educational requirements of one's job in the US labor market?; (ii) Do the earnings effects in (i) vary according to the level of aggregation in the data?; and (iii) Are there sectors of the labor market where surplus skills can be used relatively more effectively. This paper focuses on whether the answers to these research questions are sensitive to whether the RM or WSA measure is used for the usual or reference level of education in the ORU model.
Given the data sources used in this project, it is not possible to test the sensitivity of the JA approach.
The paper is structured as follows. Section II provides a brief outline of the Overeducation/Required Education/Under-education earnings function, and reviews Hartog's (2000) earlier findings. Section III presents information on the data set used. The empirical results are presented and discussed in Section IV. Concluding comments are offered in Section V.
II. LITERATURE REVIEW
The over-education/under-education literature has focused on two primary issues. In most studies equation (1) is estimated on samples of all workers, though separate analyses have been undertaken for particular groups of interest. For example, Chiswick and Miller (2008) conduct separate analyses for foreign-born and native-born male workers. Rumberger (1987) reported findings from estimations undertaken on separate samples of men and women. Duncan and Hoffman (1981) present results for four gender-race groups (White men, Black men, White women, Black women). Some analyses extend the disaggregation of the sample beyond that based on nativity, gender or race to consider occupations and skill level. Rubb (2003) , Rumberger (1987 ), Vahey (2000 , Verdugo and Verdugo (1989) and Miller (2008, 2010) are examples.
All studies report that there is a high incidence of educational mismatches in the labor market. Hartog (2000, p.133) surmises "It's fairly common to find a proper match in about 60% of the cases…". This matching and mismatching has been shown to matter in the study of earnings (Hartog 2000, p. 135) . These earnings effects, however, have been shown to vary by gender, nativity, occupation and skill level (see Rumberger, 1987; Hartog, 2000; Vahey, 2000; Chiswick and Miller, 2008 Kler (2005) used both the RM and JA procedures in an analysis of the earnings of native-born graduates in the Australian labor market in 1996. He reports that the findings are sensitive to the method used for the reference level of education. This is consistent with the findings in this study, to the effect that the more narrowly defined the sample analyzed, and hence the smaller the sample size, the more variability there is across the findings for the alternative ways of constructing the reference levels of education. There are several other studies that offer comparisons of the JA, RM and WSA measures, but these do not analyze earnings (see, for example, Tsang, Rumberger and Levin, 1991 and Alpin, Skackleton and Walsh, 1998) .
of residence in the US). 5 While this data source covers the entire population, the analyses are based on men aged 25 to 64 years who were employed and had non-zero earnings in 1999. Separate analyses are conducted for native-born and foreign-born workers. For each of these nativity groups the analyses are also conducted by occupation and by skill level. When the O*NET data base was first established, information from the Dictionary of Occupational Titles was used, and so it was based on a JA procedure. Since then the JA data has been replaced by the WSA information discussed below. (iv) how much on-the-job training people need to do the work? The information on education was collected from surveys of workers using the question: "If someone were being hired to perform this job, indicate the level of education that would be required:
(Note that this does not mean the level of education that you personally have achieved.)"
(italics in original).
There are five job zones in O*NET database: Job Zone 1 includes occupations that require little or no preparation (e.g., cashiers and dishwashers); Job Zone 2 covers occupations that require some preparation (e.g., security guards and telephone operators);
Job Zone 3 contains occupations that require medium preparation (e.g., electricians and real estate brokers); Job Zone 4 consists of occupations that require considerable preparation (e.g., auditors and copy writers); and Job Zone 5 contains occupations that require extensive preparation (e.g., dentists and lawyers).
The educational requirement specified in each job zone can be synthesized into three broad groups namely, (a) high school diploma or GED certificate, (b) training in vocational schools, related on-the-job experience, or an associate's degree, and (c) four-
year bachelor's degree. All of these are considered the minimum level of educational attainment needed for a particular occupation. These categories have been converted into years of education to facilitate the empirical analyses. The conversion is shown in the As judgment has to be exercised in assigning a single schooling level for some occupations, two indices were compiled. The first is based on the highest level of schooling mentioned in the O*NET job description as being usual for the occupation. The second modifies the first in cases where several schooling levels were mentioned by focusing on the lowest level of schooling included in the description. The correlation coefficient across occupations between the two measures, however, is 0.98, indicating that the choice of measure is not likely to impact the analysis.
There is a high degree of correlation between the WSA and RM data series, with the simple correlation coefficient across occupations between these measures being around 0.8 for all skill-nativity groups considered, and being largely invariant to the changes to the WSA measure examined. At face value this suggests that the choice of WSA or RM data series should not matter in empirical analyses. This matter is investigated in the next section.
IV. STATISTICAL ANALYSIS
The statistical analyses that follow focus on the determinants of earnings, which is the primary focus of the ORU literature. They are organized around the three research questions mentioned in the Introduction. There are a number of interesting results obtained using the standard earnings function, though attention is only directed here to the return to schooling: for the native born this is 10.3 percent, and this is around double that for the foreign born, at 5.3 percent. 9
A. Do Educational Matches and Mis-matches Affect Earnings?
The findings from the ORU model based on the RM procedure in the second column are consistent with the literature. Thus, years of education that are usual for the workers' occupations are associated with a higher return (15.1 percent for the native born percent for the native born, and 3.1 percent for the foreign born. These estimated impacts are only one-to-two percentage points different from those reported for the RM method.
Hence, even though fewer levels of schooling (just three) are used to index the usual levels under the WSA method than under the RM method (six), the two methods yield essentially the same results in this aggregate-level analysis.
In summary, the results in Table 1 Table 2 presents results from the estimation of the standard and ORU models of earnings determination on a sample restricted to workers with at least a Bachelor's degree. 11 These results differ from those for the full sample in Table 1 in a number of respects. However, the focus of the discussion that follows will again be on the education variables.
First, for those with a Bachelor's Degree or a higher level of schooling the payoff to actual years of education is 11.1 percent for the native born and 10.6 percent for the foreign born. These estimates are greater than those for the full sample (of 10.3 and 5.3 percent, respectively), indicating a non-linearity in the returns to education, particularly among the foreign born. Table 3 lists results for a more stringent definition of high-skilled workers, of workers with a Master's or higher degree. A review of these findings permits the same conclusion as in Table 2 . That is, regardless of whether the RM or WSA measure is used, the general patterns reported in the ORU literature are observed in the results. The WSA measure is associated with a relatively high payoff to required schooling, and this appears to be associated with the compression of the required levels of schooling at the upper end of the schooling distribution. The main issue that researchers using analyses by occupation seek to address is whether there are some occupations where surplus skills can be used more effectively than elsewhere in the economy. One way this will be captured in the ORU model is via a smaller gap between the payoffs to the years of education that are usual for a worker's occupation and to years of education that are considered surplus in the occupation. in the occupation are also provided to illustrate how these payoffs vary with the skill level of the occupation. The discussion here will address only these correlations. Consider first the analyses for foreign-born males with at least a Bachelor's degree based on the RM procedure (Appendix Table A .1). Education is rewarded more highly in the more skilled occupations. Thus, there is a simple correlation coefficient of 0.74 between the payoff to actual years of education and the mean level of education (as a measure of overall skill) in the occupation. 12 The payoff to years of usual education is positively correlated across occupations with the payoff to actual years of education (r = 0.50), but it is at the margin of being statistically significant. There is no association, however, between the payoff to usual education and the mean level of education in the occupation (r = 0.16). Similarly, the association between the payoff to years of surplus education and the mean level of education in the occupation is not statistically significant (r = 0.32).
When the gap between the payoffs to years of surplus education and usual education is linked to the mean level of schooling, the simple correlation coefficient is . Moreover, the same findings emerge when the WSA procedure is used to construct the usual level of schooling for each occupation (see Table 5 ). The point estimates of the effects of schooling in the ORU specification of the earnings functions estimated within each Census major group occupation are sensitive to whether the RM or WSA measure is used (see Appendix A). The material findings from the typical acrossoccupation analysis, however, are not sensitive to which measure is used, as is clearly evident from the results in Tables 4 and 5. 14 
(b)
Analyses by Level of Education Vahey (2000) examined the incidence and returns to educational mismatch in Canada using the following variant of the ORU estimating equation:
(2) 0 1 2 3 ln ver_Educ eq_Educ nder_Educ ...
where the superscript A on the ORU variables simply indicates an alternative definition.
In particular, Vahey (2000) Moreover, as the interest in these analyses is on the comparisons of findings based on the RM and WSA procedures, only findings for the native born are presented. Findings for the foreign born essentially mirror those for the native born (Chiswick and Miller, 2010) .
Given the array of findings from this approach, a graphical presentation of the main results will be used. Figure 1 presents the relevant findings for the native born based on the RM procedure, while Figure 2 presents findings for that birthplace group based on the WSA procedure. Thus, these analyses show that for skilled workers employed in occupations that require between 12 and 16 years of education, any surplus years of schooling will be used ineffectively, and the extent of ineffectiveness is largely invariant to the actual level of schooling. In the small group of occupations with usual levels of schooling greater than 16 years, the pattern of earnings effects is irregular. But they clearly support the view of earnings being more strongly related to the usual level of education for the job than to actual years of education. Two main points emerge.
V. CONCLUSION
First, the point estimates of the earnings effects of the ORU variables are sensitive to the way the reference level of education is measured. This is more apparent the more narrowly defined is the sample that is used (e.g., a single occupation versus aggregatelevel analyses). Our experiments suggest that this is linked to the limited variability in the schooling levels available in the WSA measure compared to that in the RM measure.
Second, despite the variations in the point estimates, the same general patterns are found in the results based on the RM and WSA measures. The same general findings are drawn from analyses based on these different measures.
These analyses are more detailed than those presented in Hartog (2000) and are based on more recent data. This should be very reassuring to researchers employing the ORU methodology to address specific issues-such as whether surplus skills can be utilized more effectively in certain occupations, or whether some post-secondary qualifications may be more general and hence can be utilized more effectively across a wider range of occupations. Thus, researchers using the ORU specification of the earnings equation should use their findings with a high degree of confidence.
Verdugo, Richard R. and Verdugo, Naomi T., (1989) , "The Impact of Surplus Schooling on Earnings: Some Additional Findings", The Journal of Human Resources, Vol. 26(4), pp. 629-643. Source: 2000 Census, 5% PUMS. Notes: (a) Based on Worker Self-Assessment; heteroskedasticity-consistent 't' statistics in parentheses. The other variables held constant in the regression are the same as those indicated in Table 1. 
